whether residues 451-461 of WIP are specific for the including the residues involved in coordinating EVH1 WH1 domain, we examined the binding properties of binding to FPPPP ligands, suggests that the WH1 dothe EVH1 domain from VASP. We found that, although main may also bind a proline-rich ligand [7, 8, 11, 12]. the VASP EVH1 domain was able to bind a control Consistent with this notion, the WASP binding domain FPPPP peptide found in ActA, it was unable to bind (WBD) in WIP consists of 26% proline residues and conthe peptide corresponding to residues 451-461 of WIP tains four proline sequence motifs, one of which ( Figure 1D ). Our data show that, although the WH1 and (DLPPPEP) is closely related to the VASP EVH1 binding EVH1 domains are predicted to have a similar structural motif [5] ( Figure 1A) . Furthermore, mutation of tryptofold and are thus often grouped together, for example phan 54 in the N-WASP WH1 domain to alanine abol-[9-11], they do in fact have distinct binding motifs. ishes its ability to interact with WIP [1]; an equivalent The alignment of the N-WASP WH1 binding motif, residue to that found in this domain is essential in coordiwhich we have identified in WIP, with the corresponding nating the interaction with proline-rich sequences in the regions of CR16 and WICH reveals that it is a highly EVH1 domains of Evl and Mena [7, 8] .
ing the WH1 domain of N-WASP ( Figure 2B) . It was few proteins, except for WIP family members, via this binding site. noticeable, however, that the CR16 peptide consistently retained less WH1 than the other two peptides, sugTo identify which residues are required for the interaction of WIP with the WH1 domain of N-WASP, we anagesting that it has a lower affinity for N-WASP than either WIP or WICH. The WH1 binding motif is also conserved lyzed the effects of alanine substitution on the most conserved residues in the motif. We found that only in the more divergent verprolin (End5), the WIP homolog in yeast that interacts with Las17 (Bee1), the yeast hochanges of the two central phenylalanine residues to alanine had any noticeable affect on WH1 binding (Figmolog To confirm whether our in vitro biochemical observament and subsequent actin-based motility of vaccinia [1] . Therefore, by examining the ability of the different tions reflect the in vivo requirements for WIP binding to N-WASP, we took advantage of the Shigella and vacphenylalanine-to-alanine mutations in WIP-WBD to inhibit vaccinia-induced actin tail formation, it is possible cinia pathogen systems. Our previous observations have shown that, when expressed in infected cells, the to obtain quantitative data that can be compared with our in vitro studies. Expression of wild-type GFP-WIP-WIP-WBD is recruited to Shigella nucleating actin tails [1] . We therefore examined the ability of GFP-tagged WBD blocked viral recruitment of N-WASP and inhibited vaccinia-induced actin tail formation by 71.8% Ϯ 4.8% WIP-WBD, which contains the phenylalanine 454 and 456 to alanine substitutions, to be recruited to Shigella.
( Figures 3B and 3C ). In contrast, GFP alone did not block N-WASP recruitment and gave a 8.5% Ϯ 1.7% reduction We found that GFP-WBDF454A was largely cytoplasmic but was capable of being recruited to Shigella nucleating in actin tail formation when compared to untransfected controls on the same coverslip (data not shown and actin tails on rare occasions ( Figure 3A) . In contrast, mutation of phenylalanine 456 to alanine resulted in a Figure 3C ). Expression of GFP-WIP-WBDF454A resulted in a significant reduction in the level of inhibition to complete lack of recruitment, as did subsitution of both phenylalanine residues ( Figure 3A) . While recruitment 33.6% Ϯ 16.2%. This was reduced still further to 17.8% Ϯ 5.2% in the case of GFP-WIP-WBDF456A and provides a qualitative assay, it gives no quantitative a more active regulatory function when they are com-
